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(57) ABSTRACT

A manufacturing method of a thin film transistor includes
the following steps. A substrate is provided first. A semi-
conductor layer is then formed on the substrate. Next, a
photoresist pattern including a middle portion and two
peripheral portions is formed on the semiconductor layer.
The middle portion is disposed between two peripheral
portions, and the thickness of the middle portion is greater
than each of the peripheral portions. Next, an etching
process is performed on the semiconductor layer for forming
a patterned semiconductor layer. A photoresist ashing pro-
cess is then performed to remove at least the peripheral
portions of the photoresist pattern to form a channel defining
photoresist pattern and expose two portions of the patterned
semiconductor layer. Next, the patterned semiconductor
layer is treated to form a semiconductor portion and two
conductor portions. The channel defining photoresist pattern
is then removed.

13 Claims, 20 Drawing Sheets

/100

1 124 126 199
120 ) 120 120
S %\ ) ~ 108
118 116 118
1% 106

—_
2
(D]




US 9,437,627 B2

Page 2

(56)

2009/0085032 Al*
2009/0111199 A1*
2010/0314634 Al* 12/2010 Chiu ..o
2013/0119385 Al*

2013/0181217 Al

References Cited

U.S. PATENT DOCUMENTS

7/2013 Hara

2013/0256665 Al
2014/0138677 Al

10/2013 Takeuchi

5/2014 Chen

4/2009 Chiu ..o

4/2009 Chang .................

5/2013 Kao ...

257/57

* cited by examiner

2015/0162489 Al* 6/2015 Kao ..o HO1L 21/707
257/43
HOIL 27/1288
257/59 FOREIGN PATENT DOCUMENTS
HOIL 27/1214
438/30 ™ 201347133 A 11/2013
HOIL 27/1214 ™ 201417186 A 5/2014
257/88 ™ 201421696 6/2014
HOIL 27/1288 ™ 201442121 A 11/2014



U.S. Patent Sep. 6, 2016 Sheet 1 of 20 US 9,437,627 B2

Providing a substrate ~—S10

Forming a semiconductor layer on the substrate |~S11

Forming a photoresist pattern on the semiconductor
layer, wherein the photoresist pattern includes a
middle portion and two peripheral portions, the middle <12
portion 1s disposed between the peripheral portions,
and « thickness of the middle portion 18 greater than a
thickness of each of the peripheral portions

Performing an etching process with using the

photoresist pattern as an etching mask on the

semiconductor layer to remove the semiconductor [~S13

layer uncovered by the photoresist pattern so as
to form a patterned semiconductor layer

Performing a photoresist ashing process to at least
remove the peripheral portions so as to form a
¥ ; ~—S14
channel defining photoresist pattern and expose
two portions of the patterned semiconductor layer

Performing a conductivity-enhancing treatment with
using the channel defining photoresist pattern as a
mask on the portions so as to form a semiconductor
portion and two conductor portions in the patterned | 315
semiconductor layer, wherein the semiconductor
portion 18 disposed between the conductor portions, and
the semiconductor portion 18 covered with the channel
defining photoresist pattern for being a channel

Removing the channel defining photoresist pattern ~-S16

FIG. 1




U.S. Patent Sep. 6, 2016 Sheet 2 of 20 US 9,437,627 B2

107 106

/
104 )
102

FIG. 2



U.S. Patent Sep. 6, 2016 Sheet 3 of 20 US 9,437,627 B2

1110 111a 111b
S e
77777 7<=

110

107 106

/
104 )
102

FIG. 3



U.S. Patent Sep. 6, 2016 Sheet 4 of 20 US 9,437,627 B2

112
A

1120 112a 112b "

107 106

FIG. 4A



U.S. Patent Sep. 6, 2016 Sheet 5 of 20 US 9,437,627 B2

112

1120 112a 112b "

106

FIG. 4B



U.S. Patent Sep. 6, 2016 Sheet 6 of 20 US 9,437,627 B2

114 lez
108
106
104
102

FIG. 5



U.S. Patent Sep. 6, 2016 Sheet 7 of 20 US 9,437,627 B2

114
108
118 116 118 =
106
104
102

FIG. 6



U.S. Patent Sep. 6, 2016 Sheet 8 of 20 US 9,437,627 B2

122 122
120 120 ¢ 120
~ ) ~ 108
118 116 118 %
104 106
102

FIG. 7



U.S. Patent Sep. 6, 2016 Sheet 9 of 20 US 9,437,627 B2

/IOO

oy 12 12>4 0 126 19 0
N N 108
118 116 118
104 106
102

FIG. &



U.S. Patent Sep. 6, 2016 Sheet 10 of 20 US 9,437,627 B2

128¢ 128b 1284 128b 128¢
— |— | |~ |
=~ ~ | ~ ~ 198
77777) D0 A0 00T TV ORBE A <
130
A
)

130b  130a  130b

107 106

/
104 )
102

FIG. 9



U.S. Patent Sep. 6, 2016 Sheet 11 of 20 US 9,437,627 B2

106

FIG. 10



U.S. Patent Sep. 6, 2016 Sheet 12 of 20 US 9,437,627 B2

114
132
118 116 118 =
106
104
102

FIG. 11



U.S. Patent Sep. 6, 2016 Sheet 13 of 20 US 9,437,627 B2
/300
3%4 3%6
NN X 308
118 116 118 -
104 106
102

FIG. 12



U.S. Patent Sep. 6, 2016 Sheet 14 of 20 US 9,437,627 B2

408
424 ~ 118 116 118 S 426
N N
W5 N
1

FIG. 13



U.S. Patent Sep. 6, 2016 Sheet 15 of 20 US 9,437,627 B2

203

202

FIG. 14



U.S. Patent Sep. 6, 2016 Sheet 16 of 20 US 9,437,627 B2

206

o
—
O
[\
S—
O
oo
-
N

208

202

FIG. 15



U.S. Patent

Sep. 6, 2016 Sheet 17 of 20 US 9,437,627 B2
21>4
. 212
L
204
210 208 210 =" -
202

FIG. 16



U.S. Patent Sep. 6, 2016 Sheet 18 of 20 US 9,437,627 B2

/ 200

) 216 2
218 =t 218
\ 216
216 /M/ / 204
~ N N

212K 210 208 21 P
202

h|

—212

FIG. 17



U.S. Patent Sep. 6, 2016 Sheet 19 of 20 US 9,437,627 B2

/ 500

504
)
524 2 /
) 5 lsis| s /526
IR iy
502

FIG. 18



U.S. Patent Sep. 6, 2016 Sheet 20 of 20 US 9,437,627 B2

604
)
624 / 626
) 606 )
= S 608
618 616 618 =
602

FIG. 19



US 9,437,627 B2

1
THIN FILM TRANSISTOR AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a thin film transistor and
a manufacturing method thereof, and more particularly, to
the manufacturing method of the thin film transistor with
performing a photoresist ashing process to reduce the chan-
nel length and to the thin film transistor manufactured by this
method.

2. Description of the Prior Art

Thin film transistor (TFT) has been widely applied in the
active matrix flat display panel such as the active liquid
crystal display panel or the active organic light-emitting
diode display panel, wherein the thin film transistor is used
as the active device for driving the pixel structure of the
display panel. In order to shrink the size of the thin film
transistor, the oxide semiconductor materials with high
electron mobility have been developed to replace silicon as
the material of the channel of the thin film transistor. The
oxide semiconductor materials are sensitive to moisture,
oxygen and etching solutions, and moisture, oxygen and
etching solutions tend to react with the oxide semiconductor
materials and thus affect the device characteristics. Accord-
ingly, an etch stop layer is normally formed on the oxide
semiconductor material in conventional thin film transistors
so that the characteristics of the oxide semiconductor mate-
rial will not be affected easily, and the thin film transistor
with stable device characteristics can be obtained. There-
fore, two contact holes in the etch stop layer are required for
electrically connecting the oxide semiconductor material to
the source electrode and the drain electrode, and the channel
length is determined by the distance between the contact
holes.

In the conventional manufacturing method of the thin film
transistor, the contact holes in the etch stop layer are formed
by the lithography and the etching processes, and the dis-
tance between the contact holes is limited by the exposure
limit of the exposure apparatus. Therefore, the channel
length is also limited by the exposure limit of the exposure
apparatus, which limits the performance of the thin film
transistor.

SUMMARY OF THE INVENTION

It is one of the objectives of the present invention to
provide a thin film transistor and a manufacturing method
thereof for reducing the channel length of the thin film
transistor.

To achieve the purpose described above, the present
invention provides a manufacturing method of a thin film
transistor. First, a substrate is provided first, and a semicon-
ductor layer is then formed on the substrate. Next, a pho-
toresist pattern is formed on the semiconductor layer,
wherein the photoresist pattern includes a middle portion
and two peripheral portions. The middle portion is disposed
between two peripheral portions, and the thickness of the
middle portion is greater than each of the peripheral por-
tions. Later, an etching process is performed with using the
photoresist pattern as an etching mask on the semiconductor
layer to remove the semiconductor layer uncovered by the
photoresist pattern to form a patterned semiconductor layer.
A photoresist ashing process is then performed to at least
remove the peripheral portions to form a channel defining
photoresist pattern and expose two portions of the patterned
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semiconductor layer. Next, a conductivity-enhancing treat-
ment is performed with using the channel defining photo-
resist pattern as a mask on the portions to form a semicon-
ductor portion and two conductor portions in the patterned
semiconductor layer, wherein the semiconductor portion is
disposed between the conductor portions, and the semicon-
ductor portion is covered by the channel defining photoresist
pattern for being a channel. At last, the channel defining
photoresist pattern is removed.

To achieve the purpose described above, the present
invention provides a thin film transistor. The thin film
transistor includes a substrate, a patterned semiconductor
layer, a gate electrode, a gate insulating layer, a source
electrode and a drain electrode. The patterned semiconduc-
tor layer is disposed on the substrate, wherein the patterned
semiconductor layer includes a semiconductor portion and
two conductor portions, the semiconductor portion is dis-
posed between the conductor portions, and the semiconduc-
tor portion is connected to the conductor portions. The gate
electrode is disposed on the substrate, wherein a width of the
semiconductor portion is less than a width of the gate
electrode. The gate insulating layer is disposed between the
gate electrode and the semiconductor layer. The source
electrode and the drain electrode are disposed on the semi-
conductor layer, wherein the source electrode and the drain
electrode contact the conductor portions respectively.

The manufacturing method of the thin film transistor of
the present invention reduces the width of the photoresist
pattern through forming the photoresist pattern with an
uneven top surface. In addition, the width of the photoresist
pattern can be reduced by the photoresist ashing process
without excess masks to the width which the conventional
lithography process is unable to achieve. Moreover, the
channel length can be formed to be the same with the width
of the channel defining pattern. Thereby, the performance of
the thin film transistor manufactured by this method can be
effectively improved.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a process flow
of a manufacturing method of a thin film transistor of the
present invention.

FIGS. 2-8 are schematic diagrams illustrating a manufac-
turing method of a thin film transistor according to a first
embodiment of the present invention, wherein

FIG. 2 is a schematic diagram illustrating a cross-sec-
tional view of a step of forming a semiconductor layer of the
manufacturing method of the thin film transistor according
to the first embodiment of the present invention;

FIG. 3 is a schematic diagram illustrating a cross-sec-
tional view of a step of forming a photoresist material
pattern of the manufacturing method of the thin film tran-
sistor according to the first embodiment of the present
invention;

FIG. 4A is a schematic diagram illustrating a cross-
sectional view of forming a photoresist pattern by a baking
process of the manufacturing method of the thin film tran-
sistor according to the first embodiment of the present
invention;

FIG. 4B is a schematic diagram illustrating a cross-
sectional view of forming a patterned semiconductor layer
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by an etching process of the manufacturing method of the
thin film transistor according to the first embodiment of the
present invention;

FIG. 5 is a schematic diagram illustrating a cross-sec-
tional view of a photoresist ashing process of the manufac-
turing method of the thin film transistor according to the first
embodiment of the present invention;

FIG. 6 is a schematic diagram illustrating a cross-sec-
tional view of a conductivity-enhancing treatment of the
manufacturing method of the thin film transistor according
to the first embodiment of the present invention;

FIG. 7 is a schematic diagram illustrating a cross-sec-
tional view of a step of forming an etch stop layer of the
manufacturing method of the thin film transistor according
to the first embodiment of the present invention; and

FIG. 8 is a schematic diagram illustrating a cross-sec-
tional view of the thin film transistor according to the first
embodiment of the present invention.

FIGS. 9-10 are schematic diagrams illustrating a manu-
facturing method of a thin film transistor according to a
second embodiment of the present invention, wherein

FIG. 9 is a schematic diagram illustrating a cross-sec-
tional view of a step of forming a photoresist material
pattern of the manufacturing method of the thin film tran-
sistor according to the second embodiment of the present
invention; and

FIG. 10 is a schematic diagram illustrating a cross-
sectional view of a photoresist ashing process of the manu-
facturing method of the thin film transistor according to the
second embodiment of the present invention.

FIG. 11 is a schematic diagram illustrating a manufactur-
ing method of a thin film transistor according to a third
embodiment of the present invention.

FIG. 12 is a schematic diagram illustrating a cross-
sectional view of a thin film transistor according to a fourth
embodiment of the present invention.

FIG. 13 is a schematic diagram illustrating a cross-
sectional view of a thin film transistor according to a fifth
embodiment of the present invention.

FIGS. 14-17 are schematic diagrams illustrating a manu-
facturing method of a thin film transistor according to a sixth
embodiment of the present invention, wherein

FIG. 14 is a schematic diagram illustrating a cross-
sectional view of a step of forming a semiconductor layer of
the manufacturing method of the thin film transistor accord-
ing to the sixth embodiment of the present invention;

FIG. 15 is a schematic diagram illustrating a cross-
sectional view of a conductivity-enhancing treatment of the
manufacturing method of the thin film transistor according
to the sixth embodiment of the present invention;

FIG. 16 is a schematic diagram illustrating a cross-
sectional view of a step of forming a gate electrode of the
manufacturing method of the thin film transistor according
to the sixth embodiment of the present invention; and

FIG. 17 is a schematic diagram illustrating a cross-
sectional view of the thin film transistor according to the
sixth embodiment of the present invention.

FIG. 18 is a schematic diagram illustrating a cross-
sectional view of a thin film transistor according to a seventh
embodiment of the present invention.

FIG. 19 is a schematic diagram illustrating a cross-
sectional view of a thin film transistor according to an eighth
embodiment of the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1, which is a schematic diagram
illustrating a process flow of a manufacturing method of a
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4

thin film transistor of the present invention. The manufac-
turing method of the thin film transistor of the present
invention includes following steps:

Step S10: providing a substrate;

Step S11: forming a semiconductor layer on the substrate;

Step S12: forming a photoresist pattern on the semicon-
ductor layer, wherein the photoresist pattern includes a
middle portion and two peripheral portions, the middle
portion is disposed between the peripheral portions, and a
thickness of the middle portion is greater than a thickness of
each of the peripheral portions;

Step S13: performing an etching process with using the
photoresist pattern as an etching mask on the semiconductor
layer to remove the semiconductor layer uncovered by the
photoresist pattern to form a patterned semiconductor layer;

Step S14: performing a photoresist ashing process to at
least remove the peripheral portions to forma channel defin-
ing photoresist pattern and expose two portions of the
patterned semiconductor layer;

Step S15: performing a conductivity-enhancing treatment
with using the channel defining photoresist pattern as a mask
on the portions to form a semiconductor portion and two
conductor portions in the patterned semiconductor layer,
wherein the semiconductor portion is disposed between the
conductor portions, and the semiconductor portion is cov-
ered with the channel defining photoresist pattern for being
a channel; and

Step S16: removing the channel defining photoresist
pattern.

With respect to the manufacturing method of the thin film
transistor of the present invention, preferred embodiments
will be detailed as follows. The preferred embodiments are
illustrated in the accompanying drawings to elaborate the
thin film transistor and the manufacturing method thereof
and functions to be achieved.

Please refer to FIGS. 2-8. FIGS. 2-8 are schematic dia-
grams illustrating a manufacturing method of a thin film
transistor according to a first embodiment of the present
invention. First, as shown in FIG. 2, a substrate 102 is
provided. The substrate 102 may be a transparent substrate
such as a glass substrate, a plastic substrate or a quartz
substrate, but not limited thereto. For example, the substrate
102 may also be an opaque substrate. A first metal layer (not
shown) is then formed on the substrate 102, and the first
metal layer is patterned to form a gate electrode 104 on the
substrate 102. Next, a gate insulating layer 106 is formed on
the substrate 102 and the gate electrode 104. The material of
the gate insulating layer 106 may be an inorganic insulating
material such as silicon oxide, silicon nitride or silicon
oxynitride, but not limited thereto. The material of the gate
insulating layer 106 may also be an organic insulating
material or an organic/inorganic hybrid insulating material.
Later, the gate insulating layer 106 is covered with a
semiconductor layer 107.

In this embodiment, the material of the semiconductor
layer 107 may include at least one oxide semiconductor
material such as indium zinc oxide (IZO), aluminum zinc
oxide (AZO), indium gallium zinc oxide (IGZO) or other
oxide semiconductor materials, but not limited thereto. In
other embodiments, the material of the semiconductor layer
107 may also include silicon such as amorphous silicon,
polycrystalline silicon, monocrystalline silicon or other suit-
able semiconductor materials.

As shown in FIG. 3, after the semiconductor layer 107 is
formed, the semiconductor layer 107 is covered by a pho-
toresist material. A lithography process is then performed on
the photoresist material with using a mask, to form a
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photoresist material pattern 110 on the semiconductor layer
107. In this embodiment, the mask used in the lithography
process is a binary mask 111, wherein the binary mask 111
may include a transparent region 111a and an opaque region
1115, but not limited thereto. A halftone mask may also be
an option for the mask. In addition, a negative photoresist is
used as the photoresist material in the following description
for an example, but not limited thereto.

After covering the photoresist material, the transparent
region 111a is disposed corresponding to the region which a
patterned semiconductor layer is desired to be formed, and
the opaque region 1115 is disposed corresponding to the
region which the patterned semiconductor layer is not
desired to be formed. Since the photoresist material has the
characteristics of the negative photoresist, the photoresist
material in the region which the patterned semiconductor
layer is desired to be formed will not be removed after
exposure, to form the photoresist material pattern 110. The
photoresist material pattern 110 may have a substantially flat
top surface after the lithography process.

In other embodiments, a positive photoresist may be used
as the photoresist material according to requirements, but
not limited thereto. In this case, the opaque region is
disposed corresponding to the region which the patterned
semiconductor layer is desired to be formed, and the trans-
parent region is disposed corresponding to the region which
the patterned semiconductor layer is not desired to be
formed.

Next, as shown in FIG. 4A, a baking process is performed
on the photoresist material pattern 110 on the semiconductor
layer 107, to form the photoresist pattern 112 having an
uneven top surface. The photoresist pattern 112 may include
a middle portion (central portion) 112a and two peripheral
portions 1125, wherein the middle portion 112a is disposed
between the peripheral portions 1125, and a thickness of the
middle portion 112a is greater than a thickness of each of the
peripheral portions 11254. In this embodiment, the photore-
sist material pattern 110 having the flat top surface will
transfer into the photoresist pattern 112 having the uneven
top surface by the baking process at a temperature such as
140° C., but not limited thereto. For example, the uneven top
surface of the photoresist pattern 112 may be an arc-shaped
top surface. In this case, the thickness of the photoresist
pattern 112 will become thinner while closing to the edge.
Specifically, the temperature of the baking process in this
embodiment may be altered according to different materials
of the photoresist material pattern 110, the temperature of
the baking process has to be high enough to transfer the
photoresist material pattern 110 having the flat top surface
into the photoresist pattern 112 having the uneven top
surface, and the preferred temperature of the baking process
is ranged from 70° C. to 150° C., but not limited thereto. As
shown in FIG. 4B, after the photoresist pattern 112 is
formed, an etching process is performed with using the
photoresist pattern 112 as an etching mask to remove the
semiconductor layer 107 uncovered by the photoresist pat-
tern 112, to form a patterned semiconductor layer 108,
wherein the patterned semiconductor layer 108 at least
overlaps a portion of the gate electrode 104.

As shown in FIG. 5, after the patterned semiconductor
layer 108 is formed, a photoresist ashing process 113 is
performed to at least remove the peripheral portions 1126 of
the photoresist pattern 112 to form a channel defining
photoresist pattern 114 and expose two portions of the
patterned semiconductor layer 108. In this embodiment, the
photoresist material can be removed by reacting with oxy-
gen, therefore the photoresist ashing process 113 may
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include an oxygen-containing plasma process such as an O,
plasma process or a N,O plasma process, but not limited
thereto. The photoresist ashing process 113 of the present
invention may be modified according to different photoresist
materials.

It is noteworthy that in the photoresist pattern 112, since
the thickness of each of the peripheral portions 1125 is less
than the thickness of the middle portion 1124, the peripheral
portions 1125 will be completely removed before the middle
portion 112¢ while the photoresist ashing process 113 is
performed on the entire photoresist pattern 112 without
using any mask. Accordingly, at least a portion of the middle
portion 1124 having the greater thickness can remain, which
forms a channel defining photoresist pattern 114. Specifi-
cally, a width of the channel defining photoresist pattern 114
can be modified by controlling the time duration or the
plasma strength of the photoresist ashing process 113, to
achieve the desired width. For example, the width of the
channel defining photoresist pattern 114 may substantially
range from 0.5 microns to 7 microns, but not limited thereto.

Next, as shown in FIG. 6, a conductivity-enhancing
treatment is performed with using the channel defining
photoresist pattern 114 as a mask on the portions of the
patterned semiconductor layer 108 exposed in the photore-
sist ashing process 113, to forma semiconductor portion 116
and two conductor portions 118 in the patterned semicon-
ductor layer 108. The semiconductor portion 116 is disposed
between the conductor portions 118 and covered with the
channel defining photoresist pattern 114, and the semicon-
ductor portion 116 can be used as a channel of the thin film
transistor.

In this embodiment, since the conductivity of the oxide
semiconductor material can be increased when being reacted
with hydrogen, the conductivity-enhancing treatment per-
formed on the patterned semiconductor layer 108 may
include performing a hydrogenation treatment 115 on the
exposed patterned semiconductor layer 108 so that the
hydrogen atoms can enter into the exposed portions of the
patterned semiconductor layer 108, thereby enhancing the
conductivity of those portions and transferring the exposed
portions of the semiconductor layer 108 into the conductor
portions 118. In addition, the conductivity of a portion of the
patterned semiconductor layer 108 which is covered with the
channel defining photoresist pattern 114 is not enhanced, so
that the portion forms the semiconductor portion 116. Thus,
a conductivity of the semiconductor portion 116 is smaller
than a conductivity of each of the conductor portions 118.
For example, a resistivity of the semiconductor portion 116
is greater than a resistivity of each of the conductor portions
118, wherein the resistivity of the semiconductor portion 116
may be ranged from 10~ ohm-cm to 10° ohm-cm, and the
resistivity of each of the conductor portions 118 may be
ranged from 10~° ohm-cm to 10~* ohm-cm, but not limited
thereto. For instance, the resistivity of the semiconductor
portion 116 may preferably be ranged from 10~° ochm-cm to
10~* ohm-cm, and the resistivity of each of the conductor
portions 118 may preferably be ranged from 10~° ochm-cm to
10~* ohm-cm. It is noteworthy that the above mentioned
range of the resistivity of the semiconductor portion 116
overlaps a portion of the range of the resistivity of each of
the conductor portions 118, but the conductor portions 118
of the present invention are formed from the patterned
semiconductor layer 108 treated by the conductivity-en-
hancing treatment. Therefore, the resistivity of each of the
conductor portions 118 is less than the resistivity of the
semiconductor portion 116, and the resistivity of the semi-
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conductor portion 116 and the resistivity of each of the
conductor portions 118 are preferably in the above men-
tioned ranges respectively.

The method of forming the conductor portions 118 is not
limited to the above mentioned. The step of performing the
conductivity-enhancing treatment on the patterned semicon-
ductor layer 108 of the present invention may be altered
according to the material of the patterned semiconductor
layer 108. In this embodiment, the hydrogenation treatment
115 may include a hydrogen plasma treatment or a nitrogen
plasma treatment. The hydrogenation treatment 115 may be
performed by an apparatus for a process such as a plasma-
enhanced chemical vapor deposition (PECVD) or a plasma
etching process, but not limited thereto. In addition, a width
of the semiconductor portion 116 and a width of the channel
defining photoresist pattern 114 are approximately the same
which may substantially be ranged from 0.5 microns to 7
microns. It is noteworthy that the width of the semiconduc-
tor portion 116 is determined by the width of the channel
defining photoresist pattern 114, and a channel length is
determined by the width of the semiconductor portion 116.
Therefore, the channel length can be effectively reduced by
shrinking the width of the photoresist pattern 112 through
the photoresist ashing process 113, and further improves the
performance of the thin film transistor. In this embodiment,
the width of the semiconductor portion 116 can be less than
the width of the gate electrode 104, but not limited thereto.

As shown in FIG. 7, the channel defining photoresist
pattern 114 is then removed. Next, an etch stop layer 120 is
formed on the patterned semiconductor layer 108 and the
gate insulating layer 106, wherein the etch stop layer 120 has
two contact holes 122, and each of the contact holes 122
exposes the conductor portions 118 of the patterned semi-
conductor layer 108 respectively. In this embodiment, the
step of forming the etch stop layer 120 may include a
lithography process and an etching process, to form the
contact holes 122.

As shown in FIG. 8, the etch stop layer 120 is covered
with a second metal layer (not shown) next, and the second
metal layer is filled into the contact holes 122. Next, the
second metal layer is patterned to form a source electrode
124 and a drain electrode 126 on the etch stop layer 120. The
source electrode 124 and the drain electrode 126 can contact
the conductor portions 118 via the contact holes 122 respec-
tively, and further electrically connect to the conductor
portions 118. A bottom gate type thin film transistor 100 of
this embodiment is completed at this time. In this embodi-
ment, the patterned semiconductor layer 108 includes the
semiconductor portion 116 and the conductor portions 118,
wherein the semiconductor portion 116 is disposed between
the conductor portions 118, and the semiconductor portion
116 is connected to the conductor portions 118. Therefore,
the conductor portions 118 may be regarded as a source or
a drain of the thin film transistor 100, and may further be
electrically connected to other devices via the source elec-
trode 124 and the drain electrode 126 respectively.

It is noteworthy that the photoresist material pattern 110
having the flat top surface can be transferred into the
photoresist pattern 112 having the uneven top surface by the
baking process in the manufacturing method of the thin film
transistor 100 in this embodiment. Therefore, the width of
the photoresist pattern 112 can be reduced by the photoresist
ashing process 113 without excess masks to the width which
the conventional lithography process is unable to achieve,
and the channel length can be formed to be the same as the
width of the channel defining pattern 114. Thereby, the
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electrical performance of the thin film transistor 100 such as
the driving current or the mobility can be effectively
improved.

The thin film transistor and the manufacturing method
thereof of the present invention are not limited to the
aforementioned embodiment. The following description
continues to detail other embodiments. To simplify the
description and show the difference between the other
embodiments and the above-mentioned embodiment, iden-
tical components in each of the following embodiments are
marked with identical symbols, and the identical features
will not be redundantly described.

Please refer to FIGS. 9-10, and please refer to FIG. 2 and
FIGS. 6-8 together. FIGS. 9-10 are schematic diagrams
illustrating a manufacturing method of a thin film transistor
according to a second embodiment of the present invention.
The manufacturing method of the thin film transistor of this
embodiment is basically the same as the method of the above
mentioned first embodiment, wherein the difference between
them is that a photoresist pattern 130 is formed by another
kind of mask and another method in this embodiment. As
shown in FIG. 9, the semiconductor layer 107 is covered
with a photoresist material, and a lithography process is then
performed with using a halftone mask 128 on the photoresist
material, to form the photoresist pattern 130 having an
uneven top surface on the semiconductor layer 107.

In this embodiment, the halftone mask 128 can include a
transparent region 128a, two translucent regions 1285 and
two opaque regions 128¢. A negative photoresist is used for
the photoresist material as an example, the transparent
region 1284 of the halftone mask 128 can be used to form
a middle portion 130a of the photoresist pattern 130, the
translucent regions 1286 of the halftone mask 128 can be
used to form peripheral portions 1306 of the photoresist
pattern 130, and the opaque regions 128¢ of the halftone
mask 128 can be used to remove the photoresist material. In
addition, the amounts of exposure to the photoresist material
corresponding to the transparent region 1284 and the trans-
lucent regions 1285 of the halftone mask 128 are different,
so that a thickness of the formed middle portion 130qa is
greater than a thickness of each of the formed peripheral
portions 1305, and the middle portion 130a and the periph-
eral portions 1305 have a flat top surface respectively.

In other embodiments, a positive photoresist may be used
as the photoresist material according to requirements, but
not limited thereto. In this case, the halftone mask can
include an opaque region, two translucent regions and two
transparent regions. The opaque region and the translucent
regions of the halftone mask can be respectively used to
form a middle portion and the peripheral portions, and the
transparent regions can be used to remove the photoresist
material.

An etching process is then performed on the semiconduc-
tor layer 107, to remove a portion of the semiconductor layer
107 which is uncovered with the photoresist pattern 130 and
further to form a patterned semiconductor layer 108. Next,
as shown in FIG. 10, a photoresist ashing process 113 is
performed on the photoresist pattern 130. The photoresist
ashing process 113 at least removes the peripheral portions
1305 of the photoresist pattern 130 to form a channel
defining photoresist pattern 114 and expose two portions of
the patterned semiconductor layer 108.

In this embodiment, a thickness of each of the peripheral
portions 1305 of the photoresist pattern 130 is less than a
thickness of the middle portion 130a of the photoresist
pattern 130. Therefore, while the photoresist ashing process
113 is performed on the entire photoresist pattern 130
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without using any mask, the peripheral portions 13056 will be
completely removed before the middle portion 130a, and the
remained middle portion 130a further forms the channel
defining photoresist pattern 114. Specifically, a width of the
channel defining photoresist pattern 114 can be modified by
controlling the time duration or the plasma strength of the
photoresist ashing process 113, to achieve the desired width.

Since the photoresist ashing process 113 of this embodi-
ment can be the same as the above mentioned first embodi-
ment, the photoresist ashing process 113 will not be redun-
dantly described. The steps of the manufacturing method of
the thin film transistor subsequent to the step of forming the
channel defining photoresist pattern 114 of this embodiment
is the same as the first embodiment, and the steps subsequent
to the step of forming the channel defining photoresist
pattern 114 shown in FIGS. 6-8 will not be redundantly
described.

It is noteworthy that the photoresist pattern 130 having the
uneven top surface can be directly formed through the
halftone mask 128 in the manufacturing method of the thin
film transistor 100 of this embodiment. Therefore, the width
of the photoresist pattern 130 can also be reduced by the
photoresist ashing process 113 without excess masks to the
width which the conventional lithography process is unable
to achieve. Thus, the channel length can be reduced and the
electrical performance of the thin film transistor 100 can be
improved.

Please refer to FIG. 11, and please refer to FIGS. 2-5 and
FIGS. 7-8 together. FIG. 11 is a schematic diagram illus-
trating a manufacturing method of a thin film transistor
according to a third embodiment of the present invention. As
shown in FIG. 11, the difference between the manufacturing
method of the thin film transistor of this embodiment and the
above mentioned first embodiment is that a material of a
patterned semiconductor layer 132 of this embodiment
includes silicon such as amorphous silicon, polycrystalline
silicon or monocrystalline silicon. Thus, a step of perform-
ing a conductivity-enhancing treatment on the patterned
semiconductor layer 132 of this embodiment includes per-
forming an ion implantation process 117 to implant a
plurality of dopant ions into the portions of the patterned
semiconductor layer 132 exposed in the photoresist ashing
process, to transfer the portions into conductor portions 118.
For example, a resistivity of the semiconductor portion 116
is greater than a resistivity of each of the conductor portions
118, wherein the resistivity of the semiconductor portion 116
may be ranged from 10~ ohm-cm to 10 ohm-cm, and the
resistivity of each of the conductor portions 118 may be
ranged from 10~° ohm-cm to 10~* ohm-cm, but not limited
thereto. For instance, the resistivity of the semiconductor
portion 116 may preferably be ranged from 10~° ohm-cm to
10~ ohm-cm, and the resistivity of each of the conductor
portions 118 may preferably be ranged from 10~ ohm-cm to
10~* ohm-cm. It is noteworthy that the above mentioned
range of the resistivity of the semiconductor portion 116
overlaps a portion of the range of the resistivity of each of
the conductor portions 118, but the conductor portions 118
of the present invention are formed from the patterned
semiconductor layer 132 treated by the conductivity-en-
hancing treatment, so that the resistivity of each of the
conductor portions 118 is less than the resistivity of the
semiconductor portion 116, and the resistivity of the semi-
conductor portion 116 and the resistivity of each of the
conductor portions 118 are preferably in the above men-
tioned ranges respectively.

The step of forming the channel defining photoresist
pattern 114 of the manufacturing method of the thin film

10

15

20

25

30

35

40

45

50

55

60

65

10

transistor and the steps performed prior to the step of
forming the channel defining photoresist pattern 114 in this
embodiment are the same as the above mentioned first
embodiment, as shown in FIGS. 2-5, and the steps per-
formed subsequent to the step of performing the conductiv-
ity-enhancing treatment on the patterned semiconductor
layer 132 are the same as the above mentioned first embodi-
ment, as shown in FIG. 7-8. Accordingly, these steps will not
be redundantly described. In other embodiments, the chan-
nel defining photoresist pattern may also be formed by the
method in the above mentioned second embodiment, but not
limited thereto.

The structure of the bottom gate type thin film transistor
of the present invention is not limited to the above men-
tioned embodiments. Please refer to FIG. 12. FIG. 12 is a
schematic diagram illustrating a cross-sectional view of a
thin film transistor according to a fourth embodiment of the
present invention. As shown in FIG. 12, a thin film transistor
300 of this embodiment can include an inverted staggered
structure. In the thin film transistor 300, no etch stop layer
is disposed between a source electrode 324 and a semicon-
ductor layer 308 and between a drain electrode 326 and the
semiconductor layer 308, and the source electrode 324 and
the drain electrode 326 are disposed on the patterned semi-
conductor layer 308 directly, but not limited thereto.

Please refer to FIG. 13. FIG. 13 is a schematic diagram
illustrating a cross-sectional view of a thin film transistor
according to a fifth embodiment of the present invention. As
shown in FIG. 13, a thin film transistor 400 of this embodi-
ment can include an inverted coplanar structure. In the thin
film transistor 400, a source eclectrode 424 is disposed
between a patterned semiconductor layer 408 and a gate
insulating layer 106, and a drain electrode 426 is disposed
between the semiconductor layer 408 and the gate insulating
layer 106, but not limited thereto.

Please refer to FIGS. 14-17. FIGS. 14-17 are schematic
diagrams illustrating a manufacturing method of a thin film
transistor according to a sixth embodiment of the present
invention. The difference between the manufacturing
method of the thin film transistor of this embodiment and the
manufacturing method of the thin film transistor of the
above mentioned first embodiment is that the manufacturing
method of this embodiment is used for fabricating a top gate
type thin film transistor. First, as shown in FIG. 14, a
substrate 202 is provided. The substrate 202 may be a
transparent substrate such as a glass substrate, a plastic
substrate or a quartz substrate, but not limited thereto. For
example, the substrate 102 may also be an opaque substrate.
Next, a semiconductor layer 203 is formed on the substrate
202. The material of the semiconductor layer 203 may
include an oxide semiconductor material such as indium
zinc oxide (IZO), aluminum zinc oxide (AZO), indium
gallium zinc oxide (IGZO) or may also include silicon such
as amorphous silicon, polycrystalline silicon or monocrys-
talline silicon, but not limited thereto.

Then, a patterned semiconductor layer 204 can be formed
through the lithography process and the etching process in
the above mentioned embodiments. Next, as shown in FIG.
15, a channel defining photoresist pattern 206 is formed on
the patterned semiconductor layer 204. A conductivity-
enhancing treatment is then preformed on the patterned
semiconductor layer 204 to form a semiconductor portion
208 and two conductor portions 210. The method of forming
the channel defining photoresist pattern 206 of this embodi-
ment may be the same as the above mentioned first or second
embodiments, and the conductivity-enhancing treatment
performed on the patterned semiconductor layer 204 may be



US 9,437,627 B2

11

the same as the above mentioned first or third embodiments,
so that the steps of forming the channel defining photoresist
pattern 206 and performing conductivity-enhancing treat-
ment will not be redundantly described.

As shown in FIG. 16, the channel defining photoresist
pattern 206 is then removed to expose the patterned semi-
conductor layer 204. Next, a gate insulating layer 212 is
formed on the substrate 202 and the patterned semiconduc-
tor layer 204. Next, a gate electrode 214 is formed on the
gate insulating layer 212, wherein the gate electrode 214 at
least overlaps a portion of the semiconductor portion 208.

As shown in FIG. 17, an etch stop layer 216 is formed on
the gate insulating layer 212 and the gate electrode 214 next.
Then, a lithography process and an etching process is
performed on the etch stop layer 216 and the gate insulating
layer 212 to form two contact holes 218 in the etch stop layer
216 and the gate insulating layer 212, wherein each of the
contact holes 218 penetrates the etch stop layer 216 and the
gate insulating layer 212. Next, a source electrode 220 and
a drain electrode 222 are formed on the etch stop layer 216,
wherein the source electrode 220 and the drain electrode 222
are respectively filled into the contact holes 218, and the
source electrode 220 and the drain electrode 222 are elec-
trically connected to the conductor portions 210 of the
patterned semiconductor layer 204 via the contact holes 218
respectively. A thin film transistor 200 of this embodiment is
completed at this time. In this embodiment, the patterned
semiconductor layer 204 is disposed between the gate elec-
trode 214 and the substrate 202, and the thin film transistor
200 of this embodiment is the top gate type thin film
transistor.

The structure of the top gate type thin film transistor of the
present invention is not limited to the above mentioned
embodiments. Please refer to FIG. 18. FIG. 18 is a schematic
diagram illustrating a cross-sectional view of a thin film
transistor according to a seventh embodiment of the present
invention. As shown in FIG. 18, a thin film transistor 500 of
this embodiment can include a staggered structure. In the
thin film transistor 500, a source electrode 524 is disposed
between a patterned semiconductor layer 508 and a substrate
502, and a drain electrode 526 is disposed between the
patterned semiconductor layer 508 and the substrate 502, but
not limited thereto.

Please refer to FIG. 19. FIG. 19 is a schematic diagram
illustrating a cross-sectional view of a thin film transistor
according to an eighth embodiment of the present invention.
As shown in FIG. 19, a thin film transistor 600 of this
embodiment can include a coplanar structure. In the thin film
transistor 600, a source electrode 624 is disposed between a
patterned semiconductor layer 608 and a gate insulating
layer 606, and a drain electrode 626 is disposed between the
patterned semiconductor layer 608 the gate insulating layer
606, but not limited thereto.

In conclusion, in the manufacturing method of the thin
film transistor of the present invention, the photoresist
material pattern having the flat top surface can be transferred
into the photoresist pattern having the uneven top surface by
the baking process, or the photoresist pattern having the
uneven top surface can be directly formed by the lithography
process with the halftone mask. Therefore, the width of the
photoresist pattern can be reduced by the photoresist ashing
process without excess masks to the width which the con-
ventional lithography process is unable to achieve, thereby
forming the channel length which is the same with the width
of the channel defining pattern. Accordingly, the electrical
performance of the thin film transistor can be effectively
improved.
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Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:

1. A manufacturing method of a thin film transistor,
comprising following steps:

providing a substrate; forming a semiconductor layer on

the substrate;

forming a photoresist pattern having an uneven top sur-

face on the semiconductor layer, wherein the photore-
sist pattern comprises a middle portion and two periph-
eral portions, the middle portion is disposed between
the peripheral portions, and a thickness of the middle
portion is greater than a thickness of each of the
peripheral portions;

performing an etching process with using the photoresist

pattern as an etching mask on the semiconductor layer
to remove the semiconductor layer uncovered by the
photoresist pattern to form a patterned semiconductor
layer;

performing a photoresist ashing process to remove the

peripheral portions to form a channel defining photo-
resist pattern and expose two portions of the patterned
semiconductor layer;

performing a conductivity-enhancing treatment with

using the channel defining photoresist pattern as a mask
on the two portions of the patterned semiconductor to
form a semiconductor portion and two conductor por-
tions in the patterned semiconductor layer, wherein the
semiconductor portion is disposed between the conduc-
tor portions, and the semiconductor portion is covered
with the channel defining photoresist pattern for being
a channel;

removing the channel defining photoresist pattern;

wherein the step of forming the photoresist pattern com-

prises:

performing a lithography process with using a binary

mask, to form a photoresist material pattern on the
semiconductor layer, wherein the photoresist material
pattern comprises a flat top surface; and

performing a baking process on the photoresist material

pattern to form the photoresist pattern, wherein a pro-
cessing temperature of the baking process is ranged
from 70° C. to 150° C.

2. The manufacturing method of the thin film transistor
according to claim 1, wherein the photoresist ashing process
comprises an oxygen-containing plasma process.

3. The manufacturing method of the thin film transistor
according to claim 1, wherein forming the photoresist pat-
tern comprises:

performing a lithography process with using a halftone

mask, to form the photoresist pattern on the semicon-
ductor layer.

4. The manufacturing method of the thin film transistor
according to claim 1, wherein a material of the semicon-
ductor layer comprises at least one oxide semiconductor
material.

5. The manufacturing method of the thin film transistor
according to claim 4, wherein performing the conductivity-
enhancing treatment on the two portions of the patterned
semiconductor layer comprises performing a hydrogenation
treatment to transfer the two portions of the patterned
semiconductor layer into the conductor portions.
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6. The manufacturing method of the thin film transistor
according to claim 5, wherein the hydrogenation treatment
comprises a hydrogen plasma treatment or a nitrogen plasma
treatment.

7. The manufacturing method of the thin film transistor
according to claim 1, wherein a material of the semicon-
ductor layer comprises silicon.

8. The manufacturing method of the thin film transistor
according to claim 7, wherein performing the conductivity-
enhancing treatment on the two portions of the patterned
semiconductor layer comprises performing an ion implan-
tation process to implant a plurality of dopant ions into the
two portions of the patterned semiconductor layer, to trans-
fer the two portions of the patterned semiconductor layer
into the conductor portions.

9. The manufacturing method of the thin film transistor
according to claim 1, further comprising forming a gate
electrode on the substrate and forming a gate insulating layer
on the substrate and the gate electrode between providing
the substrate and forming the semiconductor layer.

10. The manufacturing method of the thin film transistor
according to claim 9, further comprising:

forming an etch stop layer on the patterned semiconductor

layer and the gate insulating layer after removing the
channel defining photoresist pattern, wherein the etch
stop layer has two contact holes, and the contact holes
exposes the conductor portions respectively; and
forming a source electrode and a drain electrode on the
etch stop layer, wherein the source electrode and the
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drain electrode are electrically connected to the con-
ductor portions via the contact holes respectively.

11. The manufacturing method of the thin film transistor
according to claim 1, further comprising:

forming a gate insulating layer on the substrate and the

semiconductor layer after forming the patterned semi-
conductor layer;

forming a gate electrode on the gate insulating layer;

forming an etch stop layer on the gate electrode and the

gate insulating layer;

forming two contact holes in the etch stop layer and the

gate insulating layer, wherein the contact holes respec-
tively expose the conductor portions; and

forming a source electrode and a drain electrode on the

etch stop layer, wherein the source electrode and the
drain electrode are electrically connected to the con-
ductor portions via the contact holes respectively.

12. The manufacturing method of the thin film transistor
according to claim 1, wherein a width of the channel
defining photoresist pattern is ranged from 0.5 microns to 7
microns.

13. The manufacturing method of the thin film transistor
according to claim 1, wherein a resistivity of each of the
conductor portions is less than a resistivity of the semicon-
ductor portion, the resistivity of the semiconductor portion
is ranged from 10 ohm-cm to 10° ohm-cm, and the
resistivity of each of the conductor portions is ranged from
10~° ohm-cm to 10~* ohm-cm.
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